The influence of cultural conditions upon the loss of virulence in laboratory cultures of Pasteurella pestis has been noted in the literature. Devignat and Schoetter (1942) reported that 2 highly virulent strains became avirulent after 30 to 36 days when serially transferred in aerated broth at 37 C. Pollitzer (1954) summarized additional conditions under which loss in virulence occurred. These included repeated subculture at weekly intervals, action of bacteriophage, cultivation on bile media, prolonged incubation of the broth cultures at 32 C (Otten's procedure), growth in alcohol-broth at 32 C for long periods of time, and passage of virulent strains through immune animals. The latter 3 conditions were used by Jawetz and Meyer (1943) in producing avirulent strains for their studies on immunity.
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Data are presented in this paper which indicate that the virulence of P. pestis strains was maintained when serially transferred in aerated broth at 26 C, or on agar slants at 26 or 37 C. However, a striking reduction in virulence was observed when P. pestis strains were cultured in aerated broth at 37 C from large inocula and serially transferred, or from small inocula without subsequent transfer. This attenuation of plague cultures was due to the selection of avirulent variants present in the inoculum or arising during growth. Higuchi and Carlin (1957) . Addition of MgSO4 to heart infusion broth yielded more abundant growth at 37 C. Agar slants were prepared with the modified heart infusion broth. Viable counts were made by conventional pour-plate methods using blood agar base (Difco) supplemented with 0.1 per cent glucose and 0.04 per cent sodium sulfite. Cultures were diluted in potassium phosphate buffer, M/15, pH 7.4, and the number of visible colonies enumerated after 48 hr incubation.
MATERIAL AND METHODS
Virulence was determined by intraperitoneal challenge of Swiss-Webster mice (18-22 g) with 0.2 ml of appropriate serial dilutions of the culture in phosphate buffer. A minimum of 5 doses with 10 mice per dose was used for each virulence titration. The LD50 after 10 days was calculated by the method of Litchfield and Wilcoxon (1949) .
The presence of V antigen in cultures was determined by the gel-diffusion precipitin technique as applied by Burrows and Bacon (1956) .
RESULTS
Preliminary experiments by one of the authors (G. E. W.) had indicated a detectable reduction of virulence of P. pestis after 5 serial passages in aerated liquid cultures incubated for 30 hr at 37 C. Experiments were therefore performed to determine the effects on virulence of 5 serial transfers in several different growth environments. Two virulent strains (Saka and Alexander) were grown in the 3 different media mentioned above at 26 or 37 C. Agar slants were inoculated by means of a wire loop with about 109 viable cells, and after 24 hr incubation 2 to 3 X 101°viable cells were recovered (4 to a generations per transfer). Broth media were inoculated to give an initial viable count of 4 to
The relation of serial transfer and (table 2) .
The virulence of attenuated cultures was not restored under culture conditions which favor retention of virulence. Neither cultures from the fifth serial transfer in broth at 37 C nor cultures inoculated with 104 cells per ml regained virulence when transferred to heart infusion broth agar slants and passed 5 times at 26 or 37 C, thus yielding no evidence that the attenuation was due to physiological adaptation.
Positive evidence was obtained that the observed loss of virulence was due to selection of avirulent mutants present in the inocula or arising in the cultures. The mutants concerned differed from the virulent parent strains in 3 respects: lack of virulence, inability to produce V antigen, and ability to grow more rapidly than virulent cells in aerated broth cultures at 37 C. No correlation between colonial morphology and virulence was noted on blood agar base or on the tryptoseglucose-yeast extract agar of Garber et al. (1951) .
